There are few Australian data on the incidence of catheter-associated bloodstream infection (BSI) among patients in hematology-oncology units. We found an increase in catheter-associated BSI rates coincident with the introduction of a mechanical valve connector (2.6 infections vs 5.8 infections per 1,000 catheter-days; incidence rate ratio, 2.2;
). P p .031
Infect Control Hosp Epidemiol 2007; 28: [610] [611] [612] [613] Catheter-associated bloodstream infection (BSI) is a serious complication of long-term use of intravenous catheters. Although data are difficult to compare because of differences in populations, studies of BSI in hematology-oncology units found rates of 3-14 catheter-associated BSIs per 1,000 catheter-days. 1 In Australia, one survey involving patients with Hickman catheters who were hospitalized in a hematology unit found an infection rate of 50% (9.1 infections per 1,000 catheter-days) over a 22-month period. 2 There have been recent reports that mechanical valve (MV) intravenous devices may be associated with a higher incidence of catheter-associated BSI than split septum (SS) connectors. [3] [4] [5] [6] [7] We initiated an audit of catheter-associated BSI rates in response to a perceived increase in incidence coincident with a change from a SS intravenous connector to a MV connector.
methods
Geelong Hospital is a 400-bed regional public hospital in Geelong that services southwestern Victoria, Australia. The hematology-oncology service treats all hematological and solid organ malignancies, including those requiring autologous transplantation but not those requiring allogeneic transplantation. Chemotherapy is administered both in the inpatient and outpatient setting; a mean of 15-20 inpatients are receiving chemotherapy at any one time. Single-lumen and double-lumen Hickman catheters are used for intravenous access when necessary. The Infection Prevention Service provides education for hospital staff, including nurses in the hematology-oncology service, on the insertion and care of catheters.
The study included all patients with Hickman catheters placed during hospitalization in the hematology-oncology service between July 1, 2004, and June 30, 2005 . This retrospective analysis was conducted in the latter half of 2005 after observing evidence of an anecdotal increase in the incidence of BSI during a quasi-experimental 12-month period in which 2 different access devices-an SS device and an MV device-were used during separate periods for Hickman catheters. We defined BSI according to Centers for Disease Control and Prevention guidelines 8 and similar Australian guidelines. 9 Bacteremia involving commensal bacteria was defined as isolation of the same species from multiple blood cultures. Clinical notes for all episodes of BSI were reviewed by 2 infectious diseases physicians (A.C. and E.A.) to ensure that the infections satisfied the case definition.
Use of needleless MV intravenous connectors (the Clave connector system and CLC2000 connector system; Abbott Laboratories) (Figure 1 ended on March 31, 2005. Before and subsequent to this period, an SS intravenous connector (Interlink; Baxter) was used. The incidence rate ratio (IRR) of BSI and the number of catheter-days were calculated for the time in which the MV device was used (hereafter, the MV period) and the time in which the SS device was used (hereafter, the SS period). Apart from changes in connectors, there were no alterations in staffing levels, line types or supplier, intravenous fluids, catheter insertion policy and method, barrier precautions, nursing education or educational campaigns, blood culture policy and procedures, or dressings and other equipment used. Nursing staff were all trained by clinical nurse educators or oncology clinical nurse specialists, and additionally, each connector supplier provided a representative to give necessary education about the use and care of their device. Only trained oncology nurses were permitted to access central catheters.
Blood was obtained for culture from patients if they were febrile (temperature, 138ЊC) or had clinical signs of infection (eg, rigors and/or hemodynamic instability); in the absence of these signs, routine cultures were not performed for neutropenic patients. Confidence intervals (CIs) for IRRs were calculated assuming the Poisson distribution. Comparison of the time to first BSI onset in each group was performed using the log rank test. Statistical tests were conducted using Stata SE, version 9.0 (Stata).
results
During the study period (July 1, 2004, through June 30, 2005), 98 patients had Hickman catheters placed. Of these patients, 20 had acute leukemia, 26 had other hematological conditions, and 52 had solid organ tumors. The median age of the patients was 60 years, and 53% were male. Only BSI in patients with single-lumen or double-lumen Hickman catheters was analyzed; BSI in patients with ports or peripherally inserted central catheters was not assessed.
There were 32 confirmed catheter-associated BSIs (20 during the MV period and 12 during the SS period) in 25 patients. These were all considered to be nosocomially acquired, on review of the patients' clinical history. There were 62 patients with catheters in situ during the MV period, for a total of 3,468 catheter-days, and 83 patients with catheters in situ during the SS period, for a total of 4,539 catheter-days (Table) . Six patients developed more than 1 episode of bacteremia, but the catheters were salvaged rather than removed; subsequent BSI was due to different organisms. There were 19 infections in patients with acute leukemia, 6 in patients with other hematological malignancies, and 5 in patients with solid organ malignancies. The median interval between the day of Hickman catheter insertion to the first BSI was 54 days (range, 8-345 days; interquartile range, 22-111 days). The median time to the first BSI was 65 days in patients who developed infections during the SS period and 44 days in patients who developed infections during the MV period. This difference was not statistically significant ( , by the log rank test). P p .17 The weekly incidence of BSI during the study period is detailed in Figure 2 .
Of the 39 isolates recovered, 22 (56.4%) were gram-positive cocci, 15 (38.5%) were gram-negative rods, and 1 (2.6%) was Candida parapsilosis. Much of the increase in the incidence of BSI was accounted for by an increase in the number of infections due to coagulase-negative staphylococci: 14 patients during the MV period were infected with these pathogens, compared with 2 patients during the SS period. All coagulase-negative staphylococci were different species and/ or had different antibiotic susceptibility patterns except for 2 pairs that were isolated from separate patients. Molecular typing of these isolates was not conducted. Polymicrobial bacteremia was documented in 6 of 32 episodes of BSI. Further delineation of the isolated organisms appears in the Table. The incidence of catheter-associated BSI during the MV period was 5.8 infections per 1,000 catheter-days, compared with 2.6 infections per 1,000 catheter-days during the SS period (IRR, 2. At the time of writing, the hematology-oncology unit continues to audit Hickman catheter infections. In the latter half of 2005 (July 1 through December 31), a period in which use of the SS device continued, the incidence of BSI was 2.3 infections per 1,000 catheter-days, which is similar to the BSI incidence among patients during the SS period. We have not noted any further case clusters.
discussion
In this study, we observed a significant increase in the incidence of catheter-associated BSI coincident with the introduction of a MV intravenous connector. The increased incidence was consistent across patient subgroups and central catheter types and remained increased despite awareness among and continuing education of staff. We considered other confounding factors, such as flushing techniques or other ancillary equipment, that might have contributed to the increased incidence, but a limited ability to detect other confounders is a limitation of this study design. If the nurses' unfamiliarity with the access devices had contributed, one would expect an initial increase in the BSI incidence after introduction of the MV device, followed by a decrease in the incidence as nurses became more familiar with the device; in fact, rates increased rather than decreased during the MV period (Figure 2 ).
The increase in the incidence of catheter-associated BSI continued until use of the SS device resumed. Although some SS connectors were retained after the change in policy (that is, not all patients had MV connectors changed to SS connectors immediately), no catheter-associated BSIs were recorded during the first week after the change to the MV connector, and 3 catheter-associated BSIs were recorded during the first week after the change back to the SS connector; thus, the true attributable IRR may be higher than that documented.
Our findings are consistent with those from earlier reports on BSI in various patient populations, including patients in the ICU, patients in acute care facilities, and patients in longterm acute care facilities. In a hospital in Melbourne, Australia, a significant increase in the incidence of BSI (from 6.8 to 15.5 cases per 1,000 catheter-days) was documented. 3 Similar results were reported in a healthcare center in the United States, where an increase from 5.4 to 17.3 BSIs per 1,000 catheter-days was associated with a change from SS to MV connectors. 6 We speculate that risk of colonization of the connector device may be higher for MV devices because of the potential difficulty in sterilizing the gap between the valve and the hub; one simulation study has suggested that an antiseptic-barrier cap may reduce the transmission of surface bacteria into the line. 10 Our findings, consistent with those from emerging reports elsewhere, [3] [4] [5] [6] [7] suggest that colonization of MV connectors may be associated with increased rates of catheter-associated BSI.
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